Atopic diseases such as asthma have been increasing globally, and this appears to predominate in 'westernized' countries ([1](#b1){ref-type="ref"}); factors favoring the development of atopy include small family size ([2](#b2){ref-type="ref"}), high antibiotic use ([3](#b3){ref-type="ref"}), good sanitation, low oral--fecal burden ([4](#b4){ref-type="ref"}) and low rates of helminthic infections ([5](#b5){ref-type="ref"}); large family size and living on a farm ([6](#b6){ref-type="ref"}) appear to afford protection. These findings have been widely interpreted in the context of the 'hygiene hypothesis' which, in its broadest form, posits that natural exposure to microbial stimulation (both commensals and pathogens) provides obligatory signals required to drive the postnatal maturation of adaptive immune functions ([7](#b7){ref-type="ref"}). The cellular targets for these microbial stimuli remain to be defined, but are likely to include populations within the innate immune system ([7](#b7){ref-type="ref"}). Failure in receipt or transduction of these signals is hypothesized to result in postnatal prolongation of fetal Th~2~‐polarization within the immune system, thus increasing risk for atopic sensitization and atopic asthma ([7](#b7){ref-type="ref"}). However, it is also apparent that acute respiratory illness (ARI) can serve as a double‐edged sword in this context, as intense wheezing‐associated ARI during infancy can synergize with inhalant allergy to drive asthma pathogenesis ([8](#b8){ref-type="ref"}), presumably by disrupting sensitive differentiation programs regulating the growth and development of airway tissues during this life phase ([9](#b9){ref-type="ref"}).

We have previously suggested that the increased severity of ARI in infants at high risk for atopy may be due in large part to a developmental delay in postnatal maturation of their adaptive immune functions ([9](#b9){ref-type="ref"}), in particular their diminished capacity to secrete both Th~2~ and (especially) Th~1~ cytokines ([9](#b9){ref-type="ref"}), which are central to host defence. However, it is equally feasible that non‐cognate inflammatory effector cells such as mast cells, basophils, eosinophils (Eo/B), or their progenitors may also play a critical role in determining the degree of inflammation and hence frequency/severity of symptoms accompanying ARI during infancy, thus contributing to asthma development. In this context, studies we have recently performed demonstrate that deficient maturation of cord blood (CB) eosinophil progenitors, as evidenced by reduced expression of hemopoietic cytokine receptors, may predict the subsequent development of atopic disease ([10](#b10){ref-type="ref"}), including wheeze and atopic dermatitis in the first year of life ([11](#b11){ref-type="ref"}), a process which is reversed by dietary supplementation with n‐3 omega fatty acids during pregnancy ([12](#b12){ref-type="ref"}).

In the current study, we have therefore further examined the phenotype and function of CB hemopoietic Eo/B progenitors as potential predictors of the development of inflammation‐associated clinical responses, in particular ARI accompanied by fever or wheeze, in infants at high risk of atopy and asthma. Our aim was to examine more critically the concept of progenitor skewing or immaturity as a non‐T‐cell mechanism leading to tissue inflammation in atopic at‐risk subjects, and thus to provide further evidence for the 'bone marrow hypothesis' in atopy and asthma ([13](#b13){ref-type="ref"}).

Method {#ss2}
======

Cohort childhood asthma study {#ss3}
-----------------------------

The infants were a sub‐sample from a birth cohort of 263 Australian subjects born between 1997 and 1998, characterized as high risk for atopy/asthma, and recruited to study early events of allergy in the immunologic timeline and the effects of infant ARI on asthma/atopy outcomes. At least one parent of each child had a medical diagnosis of eczema, hay fever or asthma; atopy was confirmed by skin prick test (SPT) in one or more parent of 96% of the children. Selection of infants for this sub‐study was based on availability of cryo‐banked CB cells; preservation and viability of cells has been high and has not been known to alter properties of progenitors ([10](#b10){ref-type="ref"}, [11](#b11){ref-type="ref"}, [13](#b13){ref-type="ref"}). Parents were asked to keep a daily diary of their child\'s health and to notify the study centre within 48 h of their child developing a runny/blocked nose, cough or fever (\>38°C). The presence of fever for at least 24 h was recorded but did not form part of the clinical definition of ARI. Home visits were made to take postnasal aspirate samples of mucous within 72 h. Samples were collected and frozen at −85°C for future polymerase chain reaction (PCR) analysis. Follow‐up telephone calls were made every 2 wk until resolution of all symptoms. Information collected included the presence, as well as duration, of symptoms of fever, runny/blocked nose, cough, and wheeze. This report utilizes data collected during the first year of life.

Episodes of ARI that were associated with wheeze, reported by the parent or family doctor were considered to be a wheezy ARI. Wheeze was defined as a high‐pitched whistling sound heard coming from the chest on expiration. To reduce recall bias, symptoms reported during telephone calls were verified with the daily diary record.

To ensure accuracy and consistency, all families were given a digital thermometer at the commencement of the study and instructed how to use it to take temperatures orally. 'Fever greater than 38°C for at least 24 h' was defined as at least two separate temperature readings greater than 38°C taken at least 24 h apart. The temperature of 38°C and time frame of 24 h were chosen in consultation with three pediatricians and a family physician as these criteria would reduce bias by spurious fever episodes, which are often seen in young children and may not be associated with respiratory infections. Twenty‐seven percent of the episodes of ARI were associated with fever. Antipyretics such as Paracetamol were used in 44% of episodes of ARI, including non‐febrile episodes.

The ethics committees of King Edward Memorial, Princess Margaret Hospitals and the Research Ethics Board of McMaster University approved this study and subjects signed consent forms to participate.

Viral detection and analysis {#ss4}
----------------------------

The presence of rhinovirus (RV) RNA was detected using modifications of previously described real time (RT)‐PCR reactions ([14](#b14){ref-type="ref"}). Polymerase chain reaction was utilized for diagnosis of Picornavirus ARI in subjects with and without respiratory symptoms. RV was identified by Bgl I digestion of picornavirus RT‐PCR amplicons ([14](#b14){ref-type="ref"}). Positive and negative controls were included with each batch of RT‐PCR samples. Samples from symptomatic and asymptomatic subjects were analyzed blindly. ARI associated with positive RV PCR were classed as RV ARI. The presence of Respiratory Syncytial Virus (RSV) was also examined with positive and negative controls through RT‐PCR, similar to previous studies ([15](#b15){ref-type="ref"}). Briefly, the samples were analyzed by a panel of RT‐PCR for rhinoviruses, other picornaviruses (coxsackie, echo, and enteroviruses), coronaviruses 229E and OC43, RSV, influenza A and B, parainfluenza viruses 1--3, adenoviruses, human metapneumovirus (HMPV), Chlamydia pneumoniae and Mycoplasma pneumoniae. Details of the PCR panel have been previously reported ([16](#b16){ref-type="ref"}).

Preparation of CB cells {#ss5}
-----------------------

Thirty‐nine frozen samples were obtained from the Australian atopic at‐risk cohort. Samples were frozen in 1--1.5 ml aliquots containing 18--22 million cells. The samples were cooled to −80°C at 1°C per minute in a Nalgene cryo‐container with isopropyl alcohol (BDH, Victoria, Australia). They were then removed, placed in liquid nitrogen and shipped from Australia to Canada. Immune responses of these cells were assumed to be intact, as previously demonstrated by several other laboratories, including ours ([10](#b10){ref-type="ref"}, [17](#b17){ref-type="ref"}). The cells were thawed by immersion in a warm water bath and slow drop‐wise application of 10% fetal calf serum (FCS), 1% penicillin/streptomycin, 2% HEPES buffer in RPMI medium 1640 was performed. Following this, they were resuspended in McCoy\'s 3+ medium and incubated for 2 h in plastic flasks (37°C, 5% CO~2~) in order to obtain the non‐adherent mononuclear cells (NAMNC). NAMNC were resuspended in Iscove\'s 2+ after a second cell count was performed. The viability counts for this cohort averaged to 98%. The recovery after incubation averaged to 67%, which is consistent with this procedure performed in other studies ([10](#b10){ref-type="ref"}, [17](#b17){ref-type="ref"}). CD34^+^ cells are retained without loss after incubation; flasks are checked regularly under the inverted light microscope and counts performed before and after incubation to verify cell recovery (which is standardly \>95%). Progenitor cells are also easily phenotypically distinguished in the hemocytometer.

Antibodies {#ss6}
----------

Phycoerythrin (PE)‐conjugated CD34 (IgG1 anti‐HPCA‐2) and fluorescein isothiocyanate (FITC)‐conjugated CD45R (IgG1anti‐HLE‐1), PE‐conjugated isotype control antibody for IL‐3R, IL‐5R, PE‐conjugated isotype control antibody for GM‐CSFR, Streptavidin PerCP, biotin antihuman GM‐CSF receptor alpha chain (CD116), biotin antihuman IL‐3 receptor alpha chain (CDw123), were all obtained from BD Pharmingen (Mississauga, ON, Canada). IL‐5 receptor antibody was graciously given as a gift from Roche Laboratories (Ghent, Belgium) and biotinylated for use in our laboratory ([18](#b18){ref-type="ref"}).

Immunofluorescent staining {#ss7}
--------------------------

A protocol for triple color staining, previously designed in our laboratory ([19](#b19){ref-type="ref"}) was utilized to measure cytokine receptors IL‐3R*α*, IL‐5R*α*, and GM‐CSFR*α* on CD34^+^ enriched cells. Designated controls were used for the corresponding receptors: mouse IgG1 isotype for IL‐3R, IL‐5R and mouse IgM for GM‐CSFR. The cells were stained with biotin‐conjugated anti‐IL‐3R, anti‐IL‐5R and anti‐GM‐CSFR, or the corresponding controls, in PBS (0.1% NaN~3~ and 0.1% BSA) for 30 min. Following this, the cells were washed in 0.1% NaN~3~ and 0.1% BSA PBS and stained with Streptavidin‐conjugated PerCP, anti‐CD45 FITC and anti‐CD34 PE for 30 min. PBS 0.1% azide was used to wash the cells and they were fixed in PBS and 1% paraformaldehyde. They were then covered and stored in the refrigerator until FACS acquisition.

Flow cytometry {#ss8}
--------------

Acquisition was performed on the cells using FACScan flow cytometer (BD Biosciences, Mississauga, ON, Canada). Compensation settings were created by staining NAMNC with anti‐CD34 PE, anti‐CD45 FITC and anti‐IL‐3R*α* PerCP. For each sample, 50,000--100,000 events were collected. Analysis was carried out with 50,000 events.

Flow cytometry data were analyzed by Winlist software (Verify Software House, Topsham, ME) using a multi‐parameter gating strategy. Primarily, a dot plot of CD45 vs. side scatter was created and denoted by region (R1), to classify nucleated leukocytes. CD34^+^ stained cells were extracted from these CD45 events and denoted region (R2). A dot plot of CD45 vs. SSC was created to distinguish true CD34^+^ cells, which have low side scatter and low CD45 expression, as shown by region (R3). Following this, CD34^+^ cells were analyzed for their lymphoblastoid characteristics on a dot plot of side scatter vs. forward scatter in region (R4), illustrating their small size and low granularity ([10](#b10){ref-type="ref"}). The net percentage of cytokine receptor expression on CD34^+^/CD45^+^ cells was determined by subtracting the staining achieved by the designated isotype control from the staining of progenitor cells with the specific receptor ([10](#b10){ref-type="ref"}). Mean fluorescence intensity (MFI) was not performed because of limited numbers of cells in samples. CB differential cell counts were not performed at the time of collection.

Methylcellulose cultures {#ss9}
------------------------

Culture dishes (35 × 10 mm; Falcon, Oxnard, CA, USA) were used to culture 2.0 × 10^5^ cells in the following media: semisolid methycellulose, Iscove\'s 2+ (from Iscove\'s Dulbecco medium with 1% penicillin/streptomycin and 1% two mercaptoethanol), and FCS. The materials for the cultures were obtained as follows: methylcellulose, paraformaldehyde, bovine serum albumin (grade V), sodium azide, and heparin from (Sigma Aldrich Ltd, Oakville, ON, Canada); Dulbecco McCoy\'s 5A medium, FCS, penicillin, HEPES buffer, RPMI medium 1640 and trypan blue from (Gibco, Burlington, ON, Canada) and 2‐mercaptoethanol from BDH. Recombinant human cytokines IL‐3 (1 ng/ml), IL‐5 (1 ng/ml) and GM‐CSF (10 ng/ml) (BD Biosciences) were utilized along with an equal volume of Iscove\'s 2+ as a control. Duplicate conditions were made for each cytokine and cells were cultured for 14 days in the Revco incubator at 37°C (5%CO~2~). On day 14, colonies were identified and counted, using a light inverted microscope ([20](#b20){ref-type="ref"}). Eo/B‐colony forming units (CFU) were denoted as colonies if there was a minimum of 40 cells in a group, each of which was tight, compact and round, as described previously ([20](#b20){ref-type="ref"}); GM colonies were also counted and identified.

Statistical analyses {#ss10}
--------------------

Statistical analyses were performed using SPSS 12.0 software. Biological markers of atopy such as cytokine receptor percentages and cytokine stimulated Eo/B colonies were associated with ARI and ARI associated with fever or wheeze by using Spearman\'s correlation coefficient for ranked data. Mann--Whitney tests were performed for analyses of progenitor phenotypic responses in infants who acquired ARI in the first year of life. Additionally, non‐parametric tests, such as Kruskal--Wallis, were performed for progenitor functional responses and ratio analyses. Non‐parametric Kruskal--Wallis and Spearman\'s Rho tests were also performed to determine the significance of cytokine stimulated Eo/B colonies and ARI associated with wheeze or fever. Ratio analyses were performed using the median for enumeration of colonies and receptor expression for each cytokine per subject.

Results {#ss11}
=======

A subset of 39 cohort infants at high risk for atopy and asthma was assessed for progenitor phenotypic and functional markers in response to ARI in the first year of life. All the infants acquired one or more ARI within the first year of life. Of these 39 infants, 21 acquired infection accompanied by febrile episodes, and of these 21, 10 had one documented episode of fever and 11 had two or more episodes. Additionally, 25 of the 39 infants acquired infection accompanied by wheeze in the first year of life, of which 10 had one episode of documented wheeze and 15 had two or more episodes. Bacterial contamination and non‐viable cells, due to transfer between liquid nitrogen containers, reduced the total number of analysable events related to cellular studies.

CB CD34 cells {#ss12}
-------------

Infants with two or more fever‐associated ARI in the first year of life had a lower percentage of CD34^+^ cells at birth than those with fewer febrile episodes (p = 0.028, Kruskal--Wallis test): a dose‐response relationship was obtained, with the mean percentage of CD34^+^ cells being 0.96 ± 0.13 among infants with no fever‐associated ARI, 0.78 ± 0.18 among those with one episode, and 0.48 ± 0.07 among those with two or more ([Fig. 1](#f1){ref-type="fig"}). Spearman\'s tests for correlation confirmed that the percentage of CD34^+^ cells at birth was negatively correlated with the frequency of ARI associated with fever (p = 0.008, R~s~ = −0.42). The percentage of CD34^+^ cells was also negatively correlated with the number of RV ARI in the first year of life (p = 0.047, R~s~ = −0.33).

![ Boxplots representing the percentage of CD34^+^ progenitor cells among children with 0, 1, and 2 or more fever‐associated acute respiratory illnesses (ARI) in the first year of life. Indicated are the median value (bold line), interquartile range (grey box) and maximum and minimum values (extended lines). Outlying data points are shown as dots. The number of infants (N) in each group is indicated below the corresponding boxplot, and the mean percentage of CD34^+^ progenitor cells differs significantly between the groups (p = 0.028, Kruskal--Wallis test).](PAI-19-239-g001){#f1}

Cytokine receptors on CD34^+^ progenitors and infections in infancy {#ss13}
-------------------------------------------------------------------

The expression levels of IL‐3 and GM‐CSF receptors were positively correlated with the number of ARI in the first year of life (p = 0.046, 0.026; R~s~ = 0.322, 0.350, respectively). In particular, expression of these receptors was highest among infants who had five or more ARI in the first year of life (p \< 0.05, Mann--Whitney test). These groups were chosen on the basis of division by the midline. The highest number of ARI in a subject was eleven, while the lowest was one. For example, the distribution of GM‐CSF receptor expression within these groups is shown in [Fig. 2](#f2){ref-type="fig"}.

![ Boxplots representing the percentage of CD34^+^ progenitor cells expressing the GM‐CSF receptor, among children with one to four vs. five or more acute respiratory illnesses (ARI) in the first year of life. Indicated are the median value (bold line), interquartile range (grey box) and maximum and minimum values (extended lines). Outlying data points are shown as dots. The number of infants (N) in each group is indicated below the corresponding boxplot, and the mean percentage of CD34^+^ progenitor cells expressing the GM‐CSF receptor differs significantly between the groups (p = 0.048, Mann--Whitney test).](PAI-19-239-g002){#f2}

There were no significant correlations between CD34^+^ cells with RSV ARI. More specifically, RSV ARI correlated with IL‐3, IL‐5 and GM‐CSF phenotypically and functionally and resulted in p‐values of 0.261, 0.446, 0.227, and 0.056, 0.845, and 0.244, respectively. RSV ARI accompanied by wheeze did not correlate significantly with phenotypic or functional characteristics of CD34^+^ cells. RSV ARI accompanied by fever showed similar results with the exception of a trend towards significance of IL‐3 Eo/B CFU (p = 0.056).

CB Eo/B‐CFU {#ss14}
-----------

We examined functional progenitor responses and found positive correlations between GM‐CSF‐stimulated Eo/B CFU and the number of RV ARI in the first 6 months (p =  0.004, R~s~ = 0.35) and in the first year of life (p = 0.029, R~s~ = 0.37). Additionally, IL‐3‐stimulated Eo/B‐CFU correlated positively with ARI accompanied by fever during the first year of life (p = 0.013, R~s~ = 0.41; see [Fig. 3a](#f3){ref-type="fig"}). Similarly, GM‐CSF‐stimulated CFU positively correlated with overall frequency of ARI accompanied by wheeze during the same period (p = 0.023, R~s~ =  0.38; see [Fig. 3b](#f3){ref-type="fig"}).

![ Counts of IL‐3 Eo/B colonies for children with 0, 1, and 2 or more (a) fever‐ and (b) wheeze‐associated acute respiratory illnesses (ARI) in the first year of life. Colony counts were correlated with the number of fever‐associated ARI (p = 0.013, Spearman\'s rho = 0.41). Rectangles represent the mean ± standard deviation for each group, and the number of infants (N) in each group is indicated below. Colony counts were correlated with the number of wheeze‐associated ARI (p = 0.023, Spearman\'s Rho = 0.38). Rectangles represent the mean ± standard deviation for each group, and the number of infants (N) in each group is indicated below.](PAI-19-239-g003){#f3}

In contrast to these findings relating to GM‐CSF and IL‐3‐responsive Eo/B CFU, no significant correlations were found between ARI frequency alone or ARI associated with fever or wheeze and IL‐5‐responsive CFU. These findings suggested that ARI susceptibility may be associated with skewing of the Eo/B progenitor population towards GM‐CSF/IL‐3‐responsive lineages. To further examine this possibility, ratio analyses were undertaken, re‐expressing cytokine‐stimulated CFU as GM‐CSF: IL‐5 and/or IL‐3: IL‐5. Positive correlations were found between GM‐CSF:IL‐5‐responsive CFU and frequency of ARI with fever in the first year of life (p = 0.012), and IL‐3:IL‐5 ratios and ARI frequency (p = 0.006). In agreement with the above functional (differentiation) data, phenotypic analyses of cytokine receptor expression on CB progenitors in this cohort revealed ratios of 5.0 each for IL‐3R*α*: IL‐5R*α* and GM‐CSFR*α*: IL‐5R*α*; thus, IL‐5R*α* expression appears to be substantially lower in high‐risk cohorts.

Discussion {#ss15}
==========

Our current findings extend and qualify aspects of the hemopoietic progenitor ('bone marrow') hypothesis of atopy and asthma, by suggesting that markers detected in CB are used to predict clinical outcomes and establish how this might relate to T‐cell‐oriented models of disease etiology. Our laboratory has previously shown that the measurement of cytokine receptor expression on hemopoietic CD34^+^ progenitors in CB can be used as a marker related to risk and prediction of atopy and in this study, we attempt to demonstrate that progenitors can serve as markers of ARI and symptoms. Specifically, we have observed that there is a significant, *inverse* correlation between the numbers of *undifferentiated* progenitors (CD34^+^/45^+^ cells overall) and febrile responses to ARI ([Fig. 1](#f1){ref-type="fig"}); this result is totally in agreement with our previous observation of 'restoration' of a normal, high ambient level of undifferentiated progenitors after polyunsaturated fatty acids (PUFA) treatment of the mother, which correlates with improved first year atopic outcomes ([12](#b12){ref-type="ref"}, [21](#b21){ref-type="ref"}). PUFA has been thought to play in role in the prevention/reversal of allergy. Moreover, we have recently observed that CB CD34^+^ progenitors of infants at high risk for atopy and asthma (as evidenced by maternal SPT) have an *increased* expression of IL‐3R (p = 0.018, R = −0.887), and *decreased* IL‐5R expression (p = 0.021, R = −0.879) (Cyr et al, in preparation). Similarly, in the current study, the absence of IL‐5 responsiveness, the combined IL‐3R and GM‐CSFR expression on CD34^+^ CB cells, as well as corresponding functional (CFU) responses to these cytokines, correlated positively and significantly with ARI frequency and accompanying symptoms from three months through the first year of life. This was also reflected as an apparent *skewing* towards IL‐3 and GM‐CSF responsive myeloid progenitor phenotypes and functions, as shown by ratio analyses comparing CB from infants at high risk for atopy/asthma and those at low risk.

One interpretation of these findings is that the intensity of acute inflammatory responses triggered by ARI in infancy, which is determined to a large extent by the efficiency of recruitment of inflammatory effector cells such as neutrophils and eosinophils, may be directly related to the numbers or phenotype of available, lineage‐committed hemopoietic progenitors in the circulation. While IL‐3, GM‐CSF and IL‐5 are each involved in eosinophil differentiation, IL‐3‐ and GM‐CSF‐responsive progenitors represent earlier stages in lineage commitment than IL‐5‐responsive progenitors, and thus would be expected to be more 'promiscuous' in the sense that they could contribute to development of multi‐cellular (neutrophilic and eosinophilic) inflammatory responses. Situations in which the frequency of these progenitors exceeds a critical threshold results in significant pathological consequences, contrasting with the situation involving a more 'mature' compartment dominated by eosinophil progenitors which have differentiated further towards exclusive IL‐5‐responsiveness, in which eosinophil generation is tightly regulated by the availability of IL‐5 ([22](#b22){ref-type="ref"}). It is thought that high‐risk infants are subject to delayed immune deviation ([22](#b22){ref-type="ref"}). Therefore, initial lack of IL‐5 in infancy could result in compensation by an overshoot of the IL‐5 response later in childhood, causing increased deposition of tissue eosinophilia in response to environmental stimuli, deeming the child atopic. Alternatively, *decreased* IL‐5R expression may be a consequence of increased maternal T‐cell production of IL‐5, causing downregulation of receptor *in utero* ([23](#b23){ref-type="ref"}). We do not have CB differential counts to accompany the progenitor data, so these explanations remain speculative.

If the CD34^+^ progenitor pool is dominated by cells that can differentiate into eosinophils and/or neutrophils in response to the more ubiquitous cytokines IL‐3 and/or GM‐CSF, an expected consequence will be the development of a mixed inflammatory response at sites of microbial challenge in the absence of a local Th~2~ (IL‐5) response in infancy. However, as the individual progresses from infancy to childhood, viral modulation of the host response could result in modification from a multi‐cellular inflammatory profile to a purely eosinophilic response. It is the snapshot of the progenitor phenotype in infancy that captures host progenitor regulation processes and allows us to compare these with the picture of inflammation in childhood, thus serving as an indicator that mirrors deficiencies in all other immune compartments.

Further interpretation of elevated numbers of CB IL‐3/GM‐CSF‐responsive, 'immature' Eo/B progenitors would accordingly deem infants to be at increased risk of eosinophilic and neutrophilic airway inflammation in response to viral ARI, accompanied by symptoms. For instance, local generation of IL‐3 and/or GM‐CSF would be an integral component of host defence mechanisms, which in turn may result in fever. The immunological progenitor profiles of infants with ARI accompanied by fever differ from infants who acquired ARI without fever. An imbalance in these profiles is more evident in the symptomatic group, as demonstrated by significant correlations between febrile ARI and IL‐3 Eo/B CFU and an inverse significant correlation between febrile ARI and CD34^+^ cells. This indicates that decreased numbers, but increased ratios of undifferentiated CD34^+^ progenitors to mature immune cells exist during ARI with fever. The profile that occurs with ARI alone may have this imbalance to a lesser degree, as evidenced by significant correlations between IL‐3R and GM‐CSFR phenotypes with ARI in the first year of life. A similar imbalance can also be attributed to ARI with wheeze, as indicated by the findings that GM‐CSF‐stimulated CFU positively correlated with overall frequency of ARI accompanied by wheeze during the first year of life (p = 0.023). Therefore, imbalances in progenitor phenotypic and functional responses appear to be more evident in symptomatic ARI, as opposed to ARI alone.

The role of wheeze with respect to ARI and progenitors assessed in this age group is slightly more complex to interpret. Given the central role of eosinophils and neutrophils in viral wheeze in infancy ([22](#b22){ref-type="ref"}), this finding provides a plausible mechanism for viral induced wheeze, often termed transient, in at‐risk children in this age group. Martinez et al. ([24](#b24){ref-type="ref"}) found that the wheeze present in high‐risk infants may be transient or remain persistent through childhood, and have suggested that 15% of infants who wheeze progress to chronic asthma, mostly those associated with familial atopic disease . These principles have been extended by other groups to incorporate the bronchoalveolar lavage (BAL) profile of different subtypes of wheezers, showing that the total number of lymphocytes and eosinophils in the BAL is increased in wheezing infants compared with controls; this may parallel our findings of increased numbers of 'immature progenitors' in CB ([25](#b25){ref-type="ref"}, [26](#b26){ref-type="ref"}). RSV may also contribute directly and indirectly to the factor of wheeze, given that 80% of infants experience at least one RSV ARI in the first year of life. Whereas severe RSV ARI are thought to be accompanied by high IL‐4/IFN‐*γ* production, both Th~1~ and Th~2~ type responses occur during this infection ([27](#b27){ref-type="ref"}). Our results showed that RSV ARI at 1 yr of age were not significantly correlated with phenotypic or functional changes in CD34^+^ cells, with the exception of febrile RSV ARI, which tended towards significance with IL‐3 Eo/B CFU (p = 0.056), consistent with our positing an earlier, perhaps more 'immature' progenitor in these high‐risk infants.

Other groups have indicated that, in subjects with ARI ([28](#b28){ref-type="ref"}) and in children under 3 yr who had severe recurrent wheeze ([29](#b29){ref-type="ref"}), bronchial inflammation is mainly neutrophilic, consistent with our finding of an increased availability of progenitors committed to both eosinophilic and neutrophilic lineages in these subjects.

In our study, ARI could be triggers and/or propagators of CD34^+^ progenitor subset IL‐3/GM‐CSF‐responsiveness, leading to increased episodes of concomitant fever and wheeze. Nonetheless, it is also likely that many of these high‐risk children have parallel defects in other immune and inflammatory pathways that contribute towards enhanced susceptibility to ARI. In particular, we have established that a central element of genetic risk for atopy and asthma is transient developmental deficiency in adaptive immune function, which manifests as attenuated capacity to secrete both Th~1~ and Th~2~ cytokines ([9](#b9){ref-type="ref"}), and this at‐risk immunophenotype is already discernible in the fetal compartment ([17](#b17){ref-type="ref"}). Comparable atopic risk‐related developmental deficiencies have also been reported in the innate compartment in monocytic/dendritic cell lineages ([30](#b30){ref-type="ref"}), and our recent studies ([31](#b31){ref-type="ref"}) indicate that the latter also are associated with increased susceptibility to ARI.

Thus, our findings of increased numbers of 'immature' CB progenitors in relation to more symptoms in infancy lead us to speculate that susceptibility to ARI and atopy later in life is complicated, challenging a simplistic rendition of the hygiene hypothesis which states that increased exposure to infections *protects*against atopy/asthma later in childhood ([2](#b2){ref-type="ref"}). We postulate that atopic high‐risk infants have *developmental* deficiencies in many compartments, perhaps in conjunction with genetic lung deficiencies and environmental triggers. This has been shown in the Childhood Origins of ASThma (COAST) study: cytokine dysregulation accompanied by environmental insult could predispose high‐risk infants to atopic asthma ([32](#b32){ref-type="ref"}) and predict immune and therapeutic profiles later in childhood ([33](#b33){ref-type="ref"}). Current concepts of the immunological basis for risk of asthma/atopy must now include *altered functional status of cell populations within the bone marrow as well as the cord blood*. The common factor for risk of disease development appears to be postnatal persistence of functionally immature cell phenotypes in several (myeloid and lymphoid) compartments. It is yet to be determined how discrete, or lineage‐specific, genetic mechanisms and/or environmental factors are involved.
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